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ABSTRACTED-PUB-NO: NL 7804454A 
BASIC-ABSTRACT: 

Hard, dense, wear-resistant layers of cermets or ceramics 
are applied to metal 

articles by spraying a matrix material and hard particles 
of cermets or ceramic 

material followed by isostatic compaction of the sprayed 
layer at >=1000 

degrees C and a pressure of >=1000 bar for >=l/2 hr. The 
high pressure 

compaction gives a very dense coating with greatly improved 
adhesion to the 
substrate . 

The matrix material is e.g. of Co and/or Ni and the hard 
particles are of a 

ceramic material or a cermet such as WC. A pref . compsn. 
is of 83-94wt.% WC 

with the remainder Co. Compaction of the coating is 

carried out for 1/2-2 hrs. 

at 1000-1400 degrees C and 1000-1800 bar. 
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© Process for applying a dense layer of hard alloys or cermets to a metal object; metal objects coated with a dense 
layer of hard alloys or cermets. 



@ A process lor applying a dense, hard and wear-resis- 
tant layer of cermets or ceramic material to a metal object 
which can have a complicated shape by the spraying on of 
a matrix material and hard particles of cermets or ceramic 
material, followed by consolidation of the sprayed-on layer 
by hot isostatic compaction of the combination at high 
temperature and pressure during at least 7 2 hour 
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see front page 

Process for Applying a Dense Layer of Hard Alloys or Cermets to a Metal Object 

The invention relates to a process for applying a dense, hard and wear- 
resistant layer of cermets or ceramic material to a metal object by the 
spraying on of a matrix material and hard particles of cermets or ceramic 
material, followed by consolidation of the sprayed-on layer at high tempera- 
ture and pressure. 

British Patent 1,451,113 discloses a process for spraying a layer on a 
metal object, such layer consisting of a metal or an alloy, which may con- 
tain ceramic materials, or so-called cermets. In spraying by known methods, 
for example flame spraying or plasma spraying of powdered materials, a por- 
ous layer is obtained. In many cases, the adhesion of this layer to the 
base material is found unsatisfactory, and therefore the said patent proposes 
consolidating the porous layer by fusing the binder metal present therein 
under vacuum, thus reducing the porosity. To combat oxidation, this fusion 
is carried out under vacuum. According to the patent, good result." are ob- 
tained by this method if the layer consists of 50 percent by weight of tung- 
sten carbide in a matrix of a nickel- chromium alloy serving as binder metal. 

As the content of binder metal in the layer decreases, and the content 
of hard particles accordingly increases, it seems to become more and more 
difficult to consolidate the layer by fusing the binder metal, and at a 
binder metal content of 30 percent or less, it becomes practically impos- 
sible. 

German Letters of Disclosure 1,783,061 propose application of a com- 
parable dense layer by built-up welding, using a tubular or rod welding 
electrode containing a binder metal and tungsten carbides. Such an elec- 
trode, according to the specification, preferably contains 30-40 percent. 
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2. 

by weight of binder metal and 70-60 percent by weight of carbide particles. 
During welding, this material is further mingled with some quantity of molten 
base material. According to the German specification, the binder metal must 
contain at least one of the metals Co, Ni, Fe or Cr as chief constituent* 

By this- method also, it is not possible to apply a dense layer to a 
metal object such that the layer consists of more than 70 percent by weight 
of ceramic or cermet particles, such as hard metal carbides, for example tung- 
sten or titanium carbide, or other hard materials. In a layer with so high 
a content of hard particles, a cohesive and/or adhesive bond cannot be im- 
proved by internal fusion. 

According to the invention, in a process of the type initially referred 
to, the consolidation of the sprayed-on porous layer is accomplished by iso- 
statlc compaction at a temperature of at least 1000°C and a pressure of at 
least 1000 bars, for at least one half hour. 

In this way it is possible to obtain an applied layer of high density 
and markedly improved bonding to the base material. 

The process according to the invention is especially suitable for apply- 
ing a layer of tungsten carbide/cobalt to a forged, cast or sinter r core or 
similar base material. Cermets of other metals or ceramic materials may al- 
ternatively be used, for example TIC or Si 3 Nt,. As binder metal, a metal or 
an alloy consisting predominantly of Ni, Co, Fe or Cr may be used. Prefer- 
ably cobalt or an alloy of cobalt and nickel (Co/Ni) is used. The proper 
choice of course depends partly on the base material used, to which the ap- 
plied layer must bond well. 

The layer is applied by spraying on of a powder mixture containing the 
binder metal and the particles in the desired proportion for the layer - 
This spraying may be carried out in conventional manner, for example hy 
flame spraying or plasma spraying, a porous layer being formed in either 
case. The objects may be completely or only partly coated with the sprnvod 
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layer. Depending on the desired thickness of layer, the coating material may 
be applied in one or several thicknesses. If desired, the successive layers 
may differ from each other in composition. 

If necessary, the surface may then be finished smooth. In most faces, 
however, this can be omitted because the roughness of the surface after con- 
solidation is chiefly determined by the grain size of the pressure transmitting 
medium. If the proper grain size is used, the smoothness of the surface vill 
be sufficient in most cases even without finishing. A grain size of 0.10-0.25 
mm is very satisfactory for many purposes. 

According to a preferred form of the invention, a mixture containing at 
least 7 percent by weight of cermet particles is used for the sprayed-on layer, 
and preferably a mixture consisting of 83-94 percent by weight of tungsten 
carbide, remainder cobalt. 

The thermal expansion coefficients of cermets or ceramic materials dif- 
fer appreciably from those of metals. To prevent the applied layers from 
cracking loose as a result of thermal stresses during cooling at the end of 
the consolidating operation, it is preferable to vary the content of cermets 
or ceramic materials in the direction of depth by applying the coding layer 
in two or more steps, the content of binder metal being varied from one 
sprayed-on layer to another. 

The invention likewise relates to metal objects completely or partially 
coated with a dense layer consisting of a binder metal and so-called cermet 
particles or ceramic materials and characterized in that the dense coating lay- 
er consists of at least 70 percent by weight of the hard particles, remainder 
binder metal. 

The invention relates also to such metal objects in which the layer con- 
sists of 83-94 percent by weight of cermet particles, in particular a tungsten 
carbide/cobalt composition. 

More specifically also, the invention relates to objects of the said type 
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generally in which the content of binder metal in the applied hard layer varies 
with the distance from the base metal, and in particular to such coated objects 
in which the content of binder metal in the layer decreases with increasing 
distance from the base material* 

The invention will now be further illustrated with reference to figures, 
: Hg. 1 schematically representing an obj ect p roduced according to the invention, 
and Figs. 2 and 3 showing photographs of a compacted layer before and after use 
of the invention. 

After spraying on of the layer 4, the coated object 3 Is placed in a 
comparatively thin-walled holder 2, for example of low-alloy steel. Then the 
holder is completely filled with a pressure transmitting medium 5 and closed 
gastight with a cover 1. Then the holder 2 is placed in a hot isostatic 
press (not shown) in which the holder is heated to the consolidating tempera- 
ture, which is at least 1000°C, preferably 1000-1AOO°C. The temperature during 
this operation is always such that the consolidation takes placed in the solid 
phase. At thiB temperature, the binder metal is not melted, but some sintering 
does occur. Simultaneously with the raising of the temperature, or after the 
desired temperature has been reached, the gas pressure in the press is raised 
to at least 1000 bars, preferably up to 1800 bars. This diminishes the volume 
of the holder 2, and the gas pressure is transmitted by way of the pressure 
transmitting medium 5 to the object 3 with sprayed-on layer 4. Under the 
Influence of this temperature and pressure, the layer 4 is consolidated, while 
at the same time a diffusion bond is formed with the base material 3, This - 
process takes at least one half -hour, counting from attainment of the consoli- 
dation temperature to the commencement of cooling. Preferably the operation 
is continued for 1/2 to 2 hours. Then the temperature and pressure are allowed 
to return to the level of the surroundings, after which the object is removed 
from the holder 2. 

Fig. 2 shows a photograph of a plasma-sprayed layer 4A on a base material 
3A before the invention has been applied to the object. After the process ac- 
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cording to the invention, the picture of Tig. 3 is obtained, which clearly shows 
that 1) layers 3 and 4 have attained maximum density, 2) an optimum diffusion 
bond 6 has been formed between layers 3 and 4. 
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- Claims - 

1. Process for applying a dense, hard and wear-resistant layer of cer- 
mets or ceramic material to a metal object by spraying-on of a matrix material 
and hard particles of cermets or ceramic material, followed by consolidation of 
the sprayed-on layer at high temperature and pressure, characterized in that 
the sprayed-on layer is consolidated by isostatlc compacting at a temperature 
of at least 1000°C and a pressure of at least 1000 bars for at least 1/2 hourl 

2. Process according to claim 1, characterized in that cobalt and /or 
nickel is used as binder for the sprayed-on layer. 

3. Process according to claims 1 to 2, characterized in that a layer con- 
taining ceramic particles is sprayed on, 

4. Process according to claims 1 to 2, characterized in that cermet par- 
ticles are used in the sprayed-on layer, 

5. Process according to claims 1 to 4, characterized in that a mixture 
containing at least 70 percent by weight of cermet particles, for example tung- 
sten carbide, is used for the sprayed-on layer. 

6. Process according to claim 5, characterized by use of a sprayed-on 
layer consisting 83-94 percent by weight of tungsten carbide, remainder cobalt. 

7. Process according to claim 6, characterized in that the consolidation 
is carried out during a period of 1/2 to 2 hours at a temperature of 1000-1400°C 
and a pressure of 1000-1800 bars. 

8. Process according to claims 1 to 7, characterized in that the coat- 
ing layer is applied in two or more steps, the content of binder metal in the 
sprayed-on layers being so varied as to prevent the layers from cracking loose 
because of differences in coefficient of expansion. 

9. Metal objects completely or partially coated with a dense layer con- 
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sisting of a binder metal and high-melting, hard cermet particles or ceramic 
particles, characterized in that the dense coating layer, consisting of at 
least 70 percent by weight of the hard particles, remainder a binder metal, is 
isostatically compacted. 

10. Metal objects according to claim 9, characterized in that the layer 
consists of 83-94 percent by weight of a cermet material. 

11. Metal objects according to claim 9 or 10, characterized in that the 
cermet is a tungsten carbide. 

12. Metal objects according to claims 9 to 11, characterized in that the 
binder metal consists of cobalt. 

13. *Metal objects according to claims 9 to 12, characterized in that the 
layer consists of 83-94 percent by weight of tungsten carbide and 17-6 percent 
by weight of cobalt. 

14. Metal objects according to claims 9 to 13, characterized by the pres- 
ence of an optimum diffusion bond between the layer and the base material. 

15. Metal objects according to claims 9 to 14, characterized in that the 
content of binder metal in the layer varies with the distance from the base 
material. 

16. Metal objects according to claim 15, characterized in that the con- 
tent of binder metal in the layer decreases with increasing distance from the 
base material. 
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